Abstract To evaluate the success rate, in terms of anatomical and functional results, in our technique of cartilage support for fascia graft in type I tympanoplasty. Retrospective study of tragal cartilage support for fascia graft in tympanoplasty for large central perforation in 748 patients was carried at an academic institution during January 2004 to March 2012. Patients' age ranged from 11 to 65 years. 325 (43.4 %) male and 423 (56.6 %) female patients were operated and mean post-operative follow up was of 24 months (range 6-48 months). The inclusion criteria were large central or subtotal perforation, anterior quadrant perforation, anterior tympanosclerotic patch with perforation and revision myringoplasty. Small central perforation, posterior perforations, traumatic perforations and Ossiculplasty were excluded from this study. In this technique, a piece of tragal cartilage carved in semi lunar shape is inserted medial to anterior remnant of tympanic membrane. Temporalis fascia graft is sandwiched between cartilage and anterior remnant of tympanic membrane. Post-operative closure of perforation was noted. Pure-tone average pre and post-operative air-bone gap in dB at 250, 500, 1000, 2000, and 4,000 Hz were compared. The overall success rate of our technique was 98.3 % in terms of graft uptake and within 13.35 ± 5.22 dB of air bone gap closure in terms of hearing improvement. This study reveals that cartilage support for fascia graft in type I tympanoplasty is a highly reliable technique and gives significant improvement in graft take-up and hearing status.
Introduction
Chronic suppurative otitis media (CSOM) tubotympanic type is the most common infective condition of ear. Tympanoplasty has been well established since decades as surgery of choice for CSOM. The promotion of Tympanoplasty by Zollner in 1951 [1] and Wullstein in 1952 [2] started new era in the history of otology. From its initial days, tympanoplasty has been modified by many authors in terms of approach, technique and materials used for grafting the tympanic membrane [3] [4] [5] . Each had its merits and demerits, but whatever is the technique, subtotal perforation has always posed a challenge to otologists [6] . Subtotal perforation with very small anterior remnant of tympanic membrane and anterior bony overhang are more prone to failure after tympanoplasty [7] . Though various methods are practiced for placement of graft in tympanoplasty for Subtotal perforation, failure of perforation to close is seen in 10 % of cases [7, 19] . The reasons of residual perforations are poor adaptation of graft, displacement of graft which may sink medially or may shift posteriorly or may shrink. When the graft is supported medially only by gelfoam (abgel), failure is seen in large number of cases [7] .
To overcome this problem, we have introduced a novel technique in which a small semilunar shaped piece of tragal cartilage is placed medial to the narrow anterior rim in case of a large or subtotal perforation. The temporalis fascia graft is placed lateral to this cartilage support and medial to the thin anterior rim. This cartilage splays and stays in place and provides firm support to the fascia graft medially. It prevents sinking or shrinking of the graft. The success rate of this technique is very good and there is significant hearing improvement in all frequencies. Cartilage evokes minimal inflammatory tissue reaction and provides firm support. The greatest advantage of the cartilage graft has been thought to be its very low metabolic rate. It receives its nutrients by diffusion, is easy to work with because it is pliable, and it can resist deformation from pressure variations [6, 8, 9] .
Materials and Methods
The present study was conducted at Dr Vasantrao Pawar Medical College Hospital and Research center, Adgaon, Nashik and Bhaskar ENT Hospital Nashik. The study protocol and consent forms were approved by the research review committee. A total of 748 cases from age group 11 to 65 were operated from January 2004 to April 2012. Out of these 326 (44 %) patients were operated under general anesthesia and rest 422 (56 %) were operated under local anesthesia. 325 (43.4 %) patients were males and 423 (56.6 %) were females. This technique is basically designed for perforations with very narrow anterior rim (Diagram 1 in Supplementary material).
The inclusion criteria for this study were:
1. Large Central perforation 2. Subtotal perforation 3. Anterior quadrant perforation 4. Anterior tympanosclerotic patch with perforation 5. Revision myringoplasty.
The cases excluded from this study were: In all the cases the ear was dry at the time of surgery. Pre operative audiograms were done noting air and bone conduction thresholds at 250, 500, 1k, 2k and 4k.
Operative Technique
Tragal area is infiltrated with 2 % xylocaine with 1:200,000 adrenaline [10] . Incision is taken at the medial margin, so that the normal contour of tragus is preserved and scar is not visible [11] . Tragal cartilage is harvested. The perichondrium over the tragal cartilage is separated. This tragal cartilage is ideal as it is thin, flat, with some elasticity, so when it is placed medial to the anterior rim, it splays and stays in the place [10] . It can be molded while inserting. Post auricular Wilde's incision is taken. Temporalis fascia graft is harvested. Then tympanomeatal flap is raised and meatotomy is done about 6-8 mm from annulus (Diagram 2 in Supplementary material). Margins of perforation are freshened up. At the level of annulus, deepithelization is done till posterior margin of the perforation is reached. Fibro-mucosal layer is cut, up to annulus, at 6 o'clock position. Superiorly de-epithelization is done by denuding short process as well as handle of malleus. A sharp cut is taken anterior to handle of malleus on fibrous layer. (This is done for perfect placement of fascia graft later on.) The cartilage is carved in a semi lunar shape ( Post operatively they were given antibiotic cover for 1 week and ear drops for 3 weeks. The patients were followed up for minimum 2 months to maximum 3 years. Post operative audiograms were done. A successful anatomical outcome was considered to comprise full intact healing of graft without perforation for at least one year postoperatively ( Fig. 1) . A successful functional outcome was good hearing improvement. air-bone gap with closure in dB at 250, 500, 1000, 2000, and 4,000 Hz were compared.
Results
In this study age group wise distribution indicated that the maximum number of patients were from age group 21-40 (57 %), followed by 41-60 years (20 %), then teenagers (18 %), and above 61 elderly with least number (5 %). 56 % cases were operated under local anesthesia and 44 % under general anesthesia. The present study showed case wise distribution as follows ( Table 1) . Cases of large central perforation were 31 %, subtotal perforation were 23 %, only anterior quadrant perforation 22 %, anterior tympanosclerotic patch with perforation 14 %, revision cases 10 %. Large central perforation was a perforation occupying more than two quadrants of tympanic membrane with invariably narrow anterior rim of the membrane. In subtotal perforation a very thin rim was seen all around. In only anterior quadrant perforation, and in anterior tympanosclerotic patch patients after the tympanosclerotic patch was removed, the remaining rim was very narrow. In revision cases also there was large perforation. Out of these 10 % of revision cases, all cases were previously operated by some other technique, except only one case which was operated by this same technique. In that case the Tragal cartilage was used previously, so we harvested conchal cartilage [12] . After revision there was complete closure of perforation and hearing improvement. The overall success rate in terms of closure of perforation in this study was 98.3 %, i.e. 13 patients out of 748 had a residual perforation (Fig. 2) . In most of them it was due to upper (Table 2) . In this study, we observed that there was significant air-bone gap closure in postoperative audiograms as compared to preoperative audiograms. The paired mean difference between pre and post operative AB Gap was 13.36 ± 5.22 dB was highly significant at p = 0.000 (Table 3 ). The hearing improvement was seen in all frequencies, i.e. 250, 500, 1000, 2000, 4000 Hz. The AB Gap closure at 250 Hz was 21.3 dB; at 500 Hz it was 19.6; at 1,000 Hz it was 15.9; at 2,000 Hz it was 11.8 and at 4,000 Hz it was 2.9 dB (Fig. 3) . There was peculiar observation that, the improvement in hearing was statistically significant at all frequencies where as at 4,000 Hz, the improvement was comparatively less. Paired t test showed that mean difference was gradually decreasing and highly significant at p = 0.000. It was also observed that the mean difference between pre and post operative 4,000 Hz had least significance among all variables. The 95 % CI showed lower and upper bound of mean significant difference (Table 4) .
Discussion
Historically various graft materials have been used to reconstruct tympanic membrane including skin, fascia, vein, perichondrium, dura and cartilage [14] . At present the most common material used for tympanoplasty is temporalis fascia followed by tragal perichondrium [6] . The success rate of the intervention in terms of closure of perforation with fascia is estimated to be around 80-90 % for primary tympanoplasty [14, 15] . However these results decrease in some specific cases, such as large or subtotal perforations, anterior perforations, revision tympanoplasty. Larger perforation is associated with significant low rate (56 vs 74 %) [16] . Temporalis fascia has its own advantages like a common incision for approach, large amount of graft material is available and more so that its basal metabolic rate is low, its thickness is similar to normal tympanic membrane and embryo logically it develops from mesoderm which is same as normal tympanic membrane [6, 17, 18] . But temporalis fascia can suffer atrophy or vascularisation, causing posterior shrinkage or sinking in middle ear, ultimately causing failure of closure of the perforation in such cases [19, 20] . Cartilage has been used with great success to reconstruct TM. Cartilage can be used in the form of several parallel, full-thickness strips (palisade technique) or in plates of different sizes and shapes; in [17, 21, 22] . Cartilage has been shown to be well tolerated by middle ear. Long term survival is achieved since cartilage grafts are nourished largely by diffusion and not by neo vascularization. It maintains its rigid quality and resists resorption and retraction [16, 23] . The cartilage is a satisfactory grafting material because it is easily accessible, easy to adapt, resistant to negative middle ear pressures, stable, elastic, well tolerated by the middle ear, resistant to resorption. Due to its characteristic rigidity and thickness, there has been controversy regarding audiological aspect; however, various studies have demonstrated that audiological results are good [8, 13, 24] . In this study we have utilised the best of both things. We are using temporalis fascia graft and reinforcing it with small piece of tragal cartilage for support so that the closure of perforation is certain. In our study, out of 748 patients 735 patients had complete closure of perforation. i.e. The success rate of anatomical closure of perforation is 98.3 %. There was significant improvement in hearing as suggested by the statistical tests. A good amount air bone gap closure was seen in all frequencies 250, 500, 1k, 2k, 4k. At 4k the closure was minimum. The exact reason behind this observation is not understood but the speculation may be as follows. Perichondrium and cartilage share with fascia the quality of being mesenchymal tissue, but they are thicker and stiffer. They mechanically reduce the vibratory pattern of the tympanic membrane, contributing to some impairment in functional results, especially in the higher tones [6] . The tympanic membrane is attached from all over at annulus and at handle of malleus. Posteriorly there is ossicular chain and anteriorly there is eustachian tube. In our technique we are placing the cartilage in anterior most portion of the tympanic membrane. Though it does not hamper the aeration through eustachian tube, it might be restricting the movement on tympanic membrane at 4k. Cartilage has lower compliance than fascia and hence, sudden pressure variations may not be well regulated with a more rigid tympanic membrane [6, 25] . The rigidity of the cartilage graft has some benefits in reducing retraction of the tympanic membrane; however, it is unclear if the increase in rigidity and mass reduces the sound conduction properties of the graft. Using laboratory models, some researchers investigated the acoustic transfer characteristics of cartilage plates and their resistance to pressure changes. Zahnert et al. [25] examined the frequency response function of tragal and conchal cartilage plates, using a laser Doppler interferometer. They found no statistical difference in the acoustic transfer characteristics of conchal and tragal cartilage. There were transmission losses at the lower frequencies when large tympanic membrane defects were reconstructed with thick pieces of cartilage. Reducing cartilage thickness led to an improvement of the acoustic transfer qualities. Using a normal tympanic membrane as a reference, Zahnert et al. [25] noted that a cartilage plate with a thickness of less than 0.5 mm gave the least acoustic transfer loss. This may require further study and analysis. Nonetheless, the hearing improvement was highly significant as average air-bone gap closure was within 13.35 ± 5.22 dB at p = 0.000.
Conclusion
In tympanoplasty for anterior, subtotal or large central perforation, use of semilunar piece of tragal cartilage, medial to anterior rim has certain advantages. It gives good support for temporalis fascia graft. The effective anterior margin increases. Graft does not sink down in the middle ear. Graft does not retract backwards if temporalis fascia graft is sufficiently tucked in. Only 1-2 mm of tympanic membrane is supported anteriorly. So it does not hamper the mobility of TM. Normal eustachian tube function is preserved. Tragal scar is not very obvious. Narrow anterior Conflict of interest None.
